Patients with chronic thromboembolism with pulmonary hypertension (CTEPH) 
The prognosis for chronic thromboembolism with pulmonary hypertension (CTEPH) is poor due to progressive hypoxaemia and pulmonary hypertension 1 . Although pulmonary thromboendarterectomy is an accepted surgery for CTEPH 2, 3 , severe hypoxaemia and pulmonary hypertension often develops after surgery due to reperfusion injury and long cardiopulmonary bypass 4, 5 . Mechanical ventilation with high airway pressure increases intrathoracic pressure, possibly resulting in a marked decrease in venous return and increased pulmonary vascular resistance 6 . There was therefore reluctance in applying recruitment manoeuvre and high positive end-expiratory pressure (PEEP) in patients with CTEPH.
An approach to ventilatory support affects outcome in patients with acute respiratory distress syndrome (ARDS) and acute lung injury (ALI). Although low tidal volume ventilation was shown to decrease mortality in ALI/ARDS patients, compared to high tidal volume ventilation 7 , the efficacy of PEEP and recruitment manoeuvre is still controversial. ARDSnet failed to show that an increase in PEEP improved the mortality in ALI/ , while Amato et al demonstrated that low tidal volume, recruitment manoeuvre and PEEP titration to keep the alveoli open (open lung approach, OLA) decreased the mortality in ARDS patients 9 . In the previous study, we demonstrated that OLA policy improved oxygenation in patients who developed ALI/ARDS after surgery for CTEPH 10 . Several studies also reported that OLA policy improved oxygenation and lung mechanics; however, there have been few reports on whether this policy improved the outcome in ALI/ARDS such as duration of mechanical ventilation, intensive care unit (ICU) stay and mortality. In this study, we reviewed medical records retrospectively and compared the outcome of postoperative patients with CTEPH before and after the introduction of OLA policy in our ICU.
METHODS
From 1995 to 2006, 113 patients entered the ICU after elective surgery of pulmonary thromboendarterectomy for CTEPH. We excluded eight patients due to deficit in medical record data and six patients because of institution of percutaneous cardiopulmonary support during the surgery. We reviewed the medical records of the remaining patients retrospectively. We started an OLA policy in April 2000. Twenty-six patients were admitted to the ICU before OLA policy and 73 patients after the introduction of the policy (Table 1) . Morbidity and mortality of the patients with CTEPH significantly depended on the preoperative pulmonary hypertension 11 and we chose the patients from each period to create 1:1 ratio of case-match, according to gender, age and preoperative values of total pulmonary resistance index (TPRI). Profiles of the two groups are shown in Table 2 .
Ventilatory management
On admission to the ICU, ventilatory settings of assist/control ventilation and pressure-controlled ventilation were initially adjusted to obtain target tidal volume of 10 ml/kg by the attending anaesthesiologists. After establishing haemodynamic stability, the OLA group underwent a recruitment manoeuvre followed by a decremental PEEP trial. The study was approved by the Institutional Human Investigation Committee of the National Cardiovascular Center. Written informed consent was not needed as the study was a retrospective review of medical records.
During the recruitment manoeuvre, the patients were kept supine and were paralysed by intravenous 
Variables
As a primary endpoint, duration of mechanical ventilation was compared between the groups. As secondary endpoints, arterial blood gas and haemodynamic parameters were determined. From medical records, arterial blood gases with a blood gas analyser (AbL 725, Radiometer Medicals A/S, brønshøj, Denmark) were obtained every 12 hours. Haemodynamic data including heart rate, AP, central venous pressure, TPRI and cardiac index every 12 hours were also collected. AP, pulmonary artery pressure and central venous pressure were measured using disposable monitoring systems (Abbott Laboratories). The cardiac index was obtained using a thermodilution technique by injecting 10 ml cold saline in triplicate, divided by body surface area, and averaging the values.
Statistical analysis
Descriptive statistics were expressed as mean ± SD or median and interquartile range, depending on the nature and distribution of the variables. Student's t-test or Mann-Whitney test was used for comparison of mean values between the OLA group and conventional group. Using analysis of variance with repeated measures, mean values were compared across different points. When significance was observed, the mean values were compared using paired Student's t-test with bonferroni's correction. The primary endpoint, weaning from mechanical ventilation, was analysed according to a log rank test and using Kaplan-Meier curve. We considered a difference to be statistically significant if P <0.05.
RESULTS
The profile of matched groups is shown in Table 2 . There was no significant difference in body weight, incidence of deep vein thrombosis, New york Heart Association classification, preoperative values of haemodynamics and gas exchange between the OLA and conventional groups. Durations of anaesthesia, The OLA group showed a lower cardiac index and higher TPRI than the conventional group (Table 4) . The OLA group showed a higher P a O 2 /FiO 2 ratio at 12 hours than in the conventional group, but this difference disappeared at 24 hours. PEEP settings at 12 hours after ICU admission were significantly higher in the OLA group than in the conventional group, but this difference disappeared at 24 hours. Figure 1 shows a Kaplan-Meier curve for patients weaned from mechanical ventilation in the OLA and conventional groups. The OLA group showed significantly shorter duration of mechanical ventilation than in the conventional group (P=0.0064). There was no death in the OLA group but one death in the conventional group (Table 5) .
DISCUSSION
In this matched-control retrospective study, the introduction of an OLA policy shortened the duration of mechanical ventilation in postoperative patients with CTEPH.
Small tidal volume ventilation reduced mortality in ALI/ARDS. In addition to volume and pressure limitation, enough PEEP and recruitment manoeuvre may be important 12 . The use of high PEEP and recruitment manoeuvre increased oxygenation in ALI/ARDS patients. Zupancich also suggested that a combination of low tidal volume and high PEEP might decrease inflammatory mediators in the bronchoalveolar lavage fluid and plasma in patients undergoing cardiac surgery 13 . However, substantial controversy still exists concerning whether an application of PEEP and the use of recruitment manoeuvre improve the outcome of OLA=open lung approach, AP=arterial blood pressure, PAP= pulmonary artery pressure, TPRI=total pulmonary resistance index, PEEP=positive end-expiratory pressure. *P <0.05 vs conventional group. ALI/ARDS. Amato et al demonstrated a lower mortality with the use of OLA protocol 9 . Following recruitment manoeuvre, in this study PEEP was set at 2 cmH 2 O above the point of maximum curvature on the inspiratory limb of the volume-pressure curve along with small tidal volumes (6 ml/kg). Villar et al demonstrated that low tidal volume and the PEEP adjustment similar to that in the Amato study improved the mortality in ARDS 14 . In recent studies, the OLA policy or high PEEP strategy has failed to decrease the mortality in ALI/ARDS, although a reduced incidence of hypoxemia was demonstrated 15 , as was improved lung function and reduced duration of mechanical ventilation 16 . In an ARDSnet trial, there were no differences in mortality or number of ventilator-free days between high PEEP strategy and conventional PEEP strategy in ALI/ARDS patients 8 . Outpatients were in an early phase of ARDS/ALI, because reperfusion pulmonary oedema developed when the pulmonary circulation was restored during cardiopulmonary bypass. This background may have favoured the OLA policy, as recruitment manoeuvre was reported to improve oxygenation only in patients with early ARDS 17 . Our current findings suggested that the introduction of OLA policy contributed to short duration of mechanical ventilation in postoperative patients with CTEPH. Other than OLA policy, we used similar ventilatory policy: pressure-controlled ventilation and plateau pressure below 30 cmH 2 O. This study may be unique because we enrolled homogeneous disease (CTEPH), whereas the aetiologies of ARDS were heterogeneous in the previous studies. In patients with CTEPH, preoperative pulmonary vascular resistance significantly affected the prognosis 12 and we compared the outcome after matching TPRI.
The OLA group showed lower cardiac index and higher TPRI than the conventional group in the early postoperative period. Usually these findings are associated with worse outcomes in critically ill patients. However, it was reported that larger pulmonary perfusions were associated with more severe ventilator-induced lung injury in the animal isolated lung model 18 and that dobutamine-induced increase in cardiac output had detrimental effects on acid aspiration lung injury 19 . In a clinical study, the conservative strategy of fluid management improved lung function and shortened the duration of mechanical ventilation in patients with acute lung injury 20 , suggesting low cardiac index may be advantageous to patients with lung injury. Further evaluation is needed to clarify the relationship between haemodynamics and respiratory outcomes. This study was limited by several factors. First, it was a retrospective matched-control study. A number of undetected factors, such as changes in surgical techniques, cardiopulmonary bypass or postoperative treatment procedures between the observation periods, were also likely to play an important role. We could not exclude the possibility that factors other than gender, age and TPRI may have contributed to the improvement. The sample size, from a single-centre study, was small, so there may be false-negative statistical results. because the patients in the conventional group were treated prior to publication of the ARDSnet trial 7 , we had used large tidal volumes. In addition, because hypercapnia caused pulmonary hypertension in our patients, we did not restrict tidal volume in the OLA group. However, tidal volume was similar between the groups (10.0±2.0 ml/kg and 9.9±1.8 ml/kg). Although it was likely that the recruitment manoeuvre stabilised the alveoli, difference in PEEP level after the recruitment manoeuvre was small (5.9 vs 10.2 cmH 2 O). Further study is warranted to prove that the recruitment manoeuvre can reduce morbidity and mortality in other populations of patients.
CONCLUSIONS
In a matched-control study for postoperative patients with CTEPH, recruitment manoeuvre and PEEP-titration based pressure-controlled ventilation strategy resulted in shortened postoperative mechanical ventilation despite what appeared to be less favourable early postoperative haemodynamics.
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